BACKGROUND: Polypharmacy may be particularly burdensome near the end of life, as patients Baccumulatem edications to treat and prevent multiple diseases. OBJECTIVE: To evaluate associations between polypharmacy, symptom burden, and quality of life (QOL) in patients with advanced, life-limiting illness (clinician-estimated, 1 month-1 year). DESIGN: Secondary analysis of baseline data from a trial of statin discontinuation. PARTICIPANTS: Adults with advanced, life-limiting illness. MAIN MEASURES: Polypharmacy was assessed by summing the number of non-statin medications taken regularly or as needed. Symptom burden was assessed using the Edmonton Symptom Assessment Scale (range 0-90; higher scores indicating greater symptom burden) and QOL was assessed using the McGill QOL Questionnaire (range 0-10; higher scores indicating better QOL). Linear regression models assessed associations between polypharmacy, symptom burden, and QOL. KEY RESULTS: Among 372 participants, 47% were age 75 or older and 35% were enrolled in hospice. The mean symptom score was 27.0 (standard deviation (SD) 16.1) and the mean QOL score was 7.0 (SD 1.3). The average number of non-statin medications was 11.6 (SD 5.0); onethird of participants took ≥ 14 medications. In adjusted models, higher polypharmacy was associated with higher symptom burden (coefficient 0.81; p < .001) and lower QOL (coefficient − .06; p = .001). Adjusting for symptom burden weakened the association between polypharmacy and QOL (coefficient − .03; p = .045) without a significant interaction, suggesting that worse quality of life associated with polypharmacy may be related to medicationassociated symptoms. CONCLUSIONS: Among adults with advanced illness, taking more medications is associated with higher symptom burden and lower QOL. Attention to medicationrelated symptoms and shared decision-making regarding deprescribing are warranted in this setting. NIH TRIAL REGISTRY NUMBER: ClinicalTrials.gov Identifier for Parent Study -NCT01415934 KEY WORDS: pharmaceutical care; quality of life; end-of-life care; geriatrics.
INTRODUCTION

Polypharmacy, defined by the World Health Organization as
Bthe administration of many drugs at the same time or the administration of an excessive number of drugs,^1 is an increasingly common public health problem. While there is no uniformly accepted definition of the number of medications that constitutes polypharmacy, some studies have defined polypharmacy as ≥ 4 medications 2 or ≥ 5 medications. 3 Fifteen percent of all adults in the United States use ≥5 prescription drugs. 4 Polypharmacy is associated with poor health outcomes, including medication non-adherence, adverse drug effects, and worse quality of life in elderly population-and primary care-based cohorts. 5, 6 Polypharmacy is particularly burdensome near the end of life, as patients Baccumulatem edications to a treat life-limiting illness and its associated symptoms, prevent age-related diseases, and control non-lifethreatening comorbidities. 7 In an analysis of medication burden among a cohort of adults with advanced, life-limiting illness, participants took an average of 11.5 (standard deviation (SD) 5) medications, and the most commonly used medications were for primary disease prevention (e.g., anti-hypertensives), not symptom management. 8 Patients near the end of life may be receiving medications whose risk is higher than the benefit. First, many of the medications used are for preventing diseases which, given patients' remaining life expectancies, may never occur. Second, even medications for secondary prevention may be of limited effectiveness given patients' limited prognoses. Third, many patients have co-morbidities, such as hepatic or renal disease, that increase the risk of medication side effects. 9, 10 Finally, patients near the end of life may be on medications with significant side effects, such as anticholinergics. To date, however, associations between polypharmacy, symptom burden and quality of life in patients with life-limiting illness are not well understood.
The goal of this analysis was to evaluate associations between polypharmacy, symptom burden, and quality of life in a large cohort of adult patients with advanced, life-limiting illness. Our hypotheses were that polypharmacy is associated with higher symptom burden and worse quality of life.
METHODS
Overview and Conceptual Framework. This study is a secondary analysis of data from a large, multi-center randomized clinical trial designed to evaluate the safety and impact of discontinuing statin medications in patients with advanced, life-limiting illness (clinician estimate of 1 month-1 year). Study design and methods have been published previously 11 For this analysis, participants without baseline polypharmacy data were excluded. No prior analysis has examined associations between polypharmacy, symptom burden, and quality of life.
Our conceptual model, based on a work by Marcum et al., 12 posits that polypharmacy leads to higher symptom burden (related to therapeutic failure/medication non-adherence, adverse drug events, and increased medication side effects), and higher symptom burden in turn leads to worse quality of life. Institutional Review Board (IRB) approval was obtained from each site participating in the original study. Exempt approval for use of de-identified data in this analysis was obtained from the University of Pittsburgh IRB.
Sample. Eligible patients were English-speaking adults with a diagnosis of advanced, life-limiting illness. The criteria for determining advanced, life-limiting illness were as follows: (1) physician 'would not be surprised if the patient died in the next year,' 13, 14 ; (2) life expectancy of more than 1 month; and (3) recent deterioration in functional status, defined as a reduction in the Australia-Modified Karnofsky Performance Status (AKPS) scale score to < 80% in the past 3 months. 15 Because the original trial examined statin discontinuation, all eligible participants were receiving a statin medication for primary or secondary prevention of cardiovascular disease at the time of study enrollment. Participants were enrolled from 15 sites across the USA participating in the Palliative Care Research Cooperative Group (PCRC). 16 Measures. All measures were collected at baseline. The number of total medications was assessed by documenting the number of non-statin medications either (1) taken regularly; (2) administered as needed on at least 50% of days in the past week; or (3) administered as needed on less than 50% of days in the past week. Medications included all prescriptions (both ongoing and time-limited, e.g., a course of antibiotics) as well as over-the-counter medications intended to relieve symptoms (e.g., NSAIDS). Topical, ophthalmic, and transdermal medications were included, in addition to medications taken orally. Consistent with prior analyses, these three measures were summed to create a measure of total non-statin medications.
11
Symptom burden was assessed by administering the Edmonton Symptom Assessment Scale (ESAS). This patientrated scale assesses nine standard symptoms with scores ranging from 0 to 10 (higher scores indicate higher symptom burden, with a symptom ranked 4 or higher representing a moderate or severe symptom). 17, 18 Single-symptom scores were summed to create a total ESAS score (range 0-90). The minimal clinically important differences for improvement/ deterioration on the total ESAS score are 5.7/2.9. 19 If at least half the items were answered, missing values were imputed as the mean of the completed items.
The McGill Quality of Life Questionnaire was used to measure quality of life. 20 This questionnaire, developed for use in palliative care settings, includes four subscales measuring physical symptoms, psychological symptoms, existential well-being, and support. Means of these four subscales are summed to create a total score (range 0-10), with higher scores indicating better quality of life. If at least half the items of a subscale were answered, the same mean imputation rule was applied to missing responses.
Additional participant characteristics included demographics (age, sex, race/ethnicity, education, and insurance status), primary diagnosis, Charlson Comorbidity Index score, 21 performance status (Australia-Modified Karnofsky Performance Status; range 0-100 with higher scores indicating better performance status), 15 and enrollment in hospice.
Statistical Analysis. Because there is no uniformly accepted definition of the number of medications that constitutes polypharmacy, 22 we defined polypharmacy groups as low (0-8 medications), medium (9-13 medications), and high (≥ 14 medications) based on distribution of the data. This allowed us to create three groups with roughly even numbers of participants in each group. We used descriptive statistics (percentages; means and standard deviations) to present participant characteristics overall, with chi-square tests or one-way ANOVA tests to assess differences in participant characteristics by polypharmacy group. We used histograms, kernel density plots and Q-Q plots to confirm model assumptions for linear regression. We then ran linear regression models to assess unadjusted and adjusted associations between (1) polypharmacy and symptom burden and (2) polypharmacy and quality of life. For regression models, polypharmacy was included as a continuous variable. Parsimonious final adjusted models included gender, age, primary diagnosis, whether the patient was enrolled in hospice, Charlson Comorbidity Index, and Australia-Modified Karnofsky Performance Status as covariates. We selected these variables for inclusion in adjusted models because they were found to be associated (p < 0.05) with either symptom burden or quality of life in simple regression models and/or are known to be associated with these outcomes.
To test for effects of symptom burden on the association between polypharmacy and quality of life, we ran two additional models examining the association between polypharmacy and quality of life adjusting for (1) symptom burden and (2) the interaction between polypharmacy and symptom burden, along with the other variables included in parsimonious adjusted models. 23, 24 This approach allowed us to test (1) whether adjusting for symptom burden weakened the association between polypharmacy and quality of life and (2) whether the interaction between polypharmacy and symptom burden was significant. Finally, we tested whether the effect of adjusting for symptom burden was significant using percentile-based bootstrap 25 to evaluate the difference in adjusted coefficients for polypharmacy in models with and without adjustment for symptom burden.
All analyses were conducted in STATA [STATA/SE 15.1 StataCorp, Texas].
RESULTS
Among 381 participants enrolled in the original trial, 372 participants had baseline data on the number of total medications and were included in this analysis. Nearly half (47%) of participants were age 75 or older, the primary diagnosis was cancer for 52% of participants, and one-third of participants were enrolled in hospice at baseline. The most common non-cancer diagnoses were chronic obstructive pulmonary disease, congestive heart failure, and dementia. The mean performance status (AKPS) of 54 signifies the need for considerable assistance and frequent medical care. Additional participant characteristics are shown in Table 1 .
The average number of non-statin medications taken by all participants was 11.6 (SD 5.0), with a range from 1 to 33. Polypharmacy was low (0-8 medications) for 31% of participants, medium (9-13 medications) for 36%, and high (≥ 14 medications) for 33%. Only 3% of participants took less than 4 medications. Patients with high polypharmacy were more likely to have non-cancer diagnoses and lower mean performance status (see Table 1 ). There were no other significant differences in participant characteristics by the polypharmacy group (see Table 1 ).
The mean symptom score for all participants was 27.0 (SD 16.1), with higher symptom scores associated with higher polypharmacy (see Fig. 1 ). The mean total quality of life score was 6.97 (SD 1.32) for all participants, with worse total quality of life associated with higher polypharmacy (see Fig. 2 ).
In unadjusted linear regression models, higher polypharmacy was associated with higher symptom burden Table 2 ). This association remained significant (adjusted beta 0.81; p < 0.001) in fully adjusted linear regression models (see Table 2 ). This implies that each additional medication was associated with a higher symptom burden of 0.81 points on the ESAS. Higher performance status was associated with lower symptom burden and a higher comorbidity index score was associated with higher symptom burden in fully adjusted linear regression models (see Table 2 ). Similarly, in unadjusted linear regression models, higher polypharmacy was associated with lower quality of life (see Table 3 ) and this association remained significant (adjusted beta − 0.06; p = 0.001) in adjusted analysis. This implies that every additional medication was associated with lower quality of life by 0.06 points on the McGill Quality of Life Questionnaire. Higher performance status and being enrolled in hospice were associated with higher quality of life in fully adjusted models (see Table 3 ).
When symptom burden was added to the fully adjusted model examining associations between participant characteristics and quality of life, the association between polypharmacy and quality of life weakened (adjusted beta − 0.03; p = 0.045). This association was significantly different from the association between polypharmacy and quality of life in the model without symptom burden (p = 0.008) (see Table 4 ). The test for an interaction between polypharmacy and symptom burden was not significant (p = 0.605).
DISCUSSION
In a cohort of adults with advanced, life-limiting illness, polypharmacy was associated with both higher symptom burden and lower quality of life. Furthermore, adjusting for symptom burden weakened the association between polypharmacy and quality of life, suggesting that worse quality of life associated with polypharmacy may be related to medication-associated symptoms.
A particularly concerning example of polypharmacy is the Bprescribing cascade,^in which a medication-related side effect leads to the prescription of additional medications. 26 For example, in one troubling case, a calcium channel blocker prescribed to an older woman for hypertension caused lower extremity edema. A diuretic prescribed to treat the lower Quality of life was assessed using the McGill Quality of Life Questionnaire (MQOL), with 19% of MQOL scores requiring imputed data for at most two (out of four) subscales if at least half but not all questions were answered AKPS, Australia-Modified Karnofsky Performance Status; CCI, Charlson Comorbidity Index extremity edema led to urinary incontinence. The anticholinergic prescribed to treat the urinary incontinence caused dry mouth, for which a salivary stimulant was prescribed. This patient eventually lost her balance and fell, leading to a prolonged hospital stay in which the Bprescribing cascadeŵ as identified and corrected. 27 Misinterpreting medicationrelated adverse effects as new conditions can lead to unnecessary increases in both polypharmacy and symptom burden.
Efforts to alleviate the burden of polypharmacy and improve quality of life for patients with advanced, life-limiting illness will require clinician and patient education, accompanied by patient-centered decision-making. All clinicians caring for older and/or seriously ill patients should learn targeted approaches to deprescribing, and these approaches should be employed routinely. 28 Evidence-based guidelines can help inform many deprescribing decisions. 29, 30 Successful deprescribing also requires conversations with patients about the benefits and risks of medications. Patient preferences should help guide deprescribing decisions, particularly when the trade-off between risks and benefits is uncertain. Processes to support deprescribing across health systems must take into account perceived barriers and facilitators to minimizing potentially inappropriate medications. 31, 32 Publicly available online resources offer useful deprescribing tools for patients and clinicians. 33 This analysis builds on a growing body of research demonstrating associations between polypharmacy and poor quality of life. For example, in a cross-sectional study conducted among 634 functionally independent, community-dwelling older adults in Spain, polypharmacy defined as 3 or more drugs consumed daily was associated with poor healthrelated quality of life. 5 In a separate Spanish study conducted among older adults who used 5 or more medications recruited from primary care practices, polypharmacy defined as using 10 or more medications was strongly associated with poorer health-related quality of life. 6 Additional studies of polypharmacy and quality of life among older adults residing in nursing facilities have reported mixed results. 34, 35 The present study adds to this work by demonstrating an association between polypharmacy and lower quality of life among adults with serious illness and a limited life expectancy (the median survival of this cohort was approximately 7 months) 11 and suggests that worsening symptoms contribute to lower quality of life.
Significant medication burden placed on patients near the end of life warrants careful consideration. 8 Medications used to treat serious illness and alleviate symptoms are often added to medications used for primary disease prevention or to control non-life-threatening conditions. Without careful attention to whether chronic medications remain necessary, polypharmacy among patients with limited life expectancies can easily become quite high. 8 Even among actively dying patients, non-essential medications are often continued. 36 In our study, patients with high polypharmacy had higher symptom burden than patients with lower polypharmacy, and these differences were clinically significant. 19 The relationship between polypharmacy and symptom burden is likely bidirectional, as patients near the end of life also accumulate medications to treat symptoms. However, in a separate analysis of the types of medication used by this cohort, opioids were not among the most common medication classes prescribed, and only 4.1% of all medications prescribed were non-opioid analgesics. 8 An alternative explanation for these findings is that patients with poorer quality of life are sicker and therefore need more medications. Our finding that adjusting for symptom burden weakens the relationship between polypharmacy and quality of life suggests that medication-related symptoms may be an important concern in this cohort, but conducting this analysis using cross-sectional data cannot confirm the direction of associations.
This study has several limitations. First, the cohort included patients with advanced, life-limiting illness who were willing to be enrolled in a randomized trial of the safety and benefit of discontinuing statin therapy. Not all patients with advanced illness would be willing to stop a statin medication, and associations between polypharmacy, symptom burden, and quality of life may differ in other seriously ill populations. Second, cross-sectional data did not allow us to explore the impact of polypharmacy on symptom burden or quality of life over time. Furthermore, this analysis did not allow us to †The direct effect (c') is equal to the association between polypharmacy and quality of life when symptom burden is included in the model. The total effect (c) is equal to the association between polypharmacy and quality of life when symptom burden is not included in the model (c' + ab). Without mediation, c should equal c'. Because there is mediation, c and c' are different determine causality, which would require a randomized trial. Third, the data available for this analysis did not include medication type or the proportion of medications taken regularly versus as needed. We were therefore unable to explore whether certain medication classes were most strongly associated with patient-reported outcomes. Finally, imputed data for total symptom burden and quality of life scores was required for a minority of participants.
In conclusion, we found that polypharmacy was associated with higher symptom burden and worse quality of life in adults with life-limiting illness. Areas for future research include developing deprescribing strategies to reduce the use of inappropriate medications in patients with limited life expectancies. Implementing and prospectively evaluating such strategies may help to determine the direction of associations between polypharmacy, symptom burden, and quality of life and improve patient-centered outcomes in this vulnerable population.
